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(54) Title: A METHOD AND DEVICE FOR REGULATING THE FLOW RATE OF FORMATION FLUIDS PRODUCED BY 
AN OIL WELL 

(57) Abstract: The present invention relates to a method of 
1 regulating the flow rate of formation fluids produced from a 

determined zone of an underground well whose cased wall is 
provided with orifices through which said formation fluids 
can pass, said meihod consisting in applying a tubular struc- 
ture along the casing in said zone, which mbular structure 
prevents the fluids from flowing directly while also preserv- 
ing a flow path along wnich the fluids can flow via the annu- 
lar space outside the tubular structure so as to generate head 
loss. The invention also relates to a device for implement- 
ing said method, which device is essentially constituted by 
a radially-expandable tubular structure that can be applied 
2 against the inside wall of the casing, the structure being pro- 
^ vided with means for preserving the flow of the fluids via 
a path running along the casing and along the structure, in 
order to generate head loss. 
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A METHOD AND DEVICE FOR REGULATING THE FLOW RATE OF FORMATION FLUIDS PRODUCED B 
Y AN OIL WELL 



The present invention relates to completion techniques vised when 
starting production from a deposit of hydrocarbons, of gas, of water, or the like, and 
it relates more particularly to means for regulating the production flow rate from 
certain zones of an oil well or the like. 

5 Generally, formation fluids, i.e. hydrocarbons, water, and gas, are 

extracted from a deposit by means of a borehole consolidated by mechanical casing 
cemented to the wall of the borehole. In zones that pass through underground 
reservoirs, the casing and the layer of cement are perforated to put the formation 
fluids in communication with the inside of the well. 

10 a well usually passes through a plurality of production zones of 

various thicknesses, and it therefore includes different perforation zones. The 
formation fluids are conveyed to the surface by means of production tubing. The 
production tubing is centered relative to the casing, and is held by a packer, thereby 
making it possible to isolate the fluid production zone from the upper portion of the 

15 well. 

Because of the diversity of the soils and of the quality of the rocks 
through which the well passes, it is common for the various perforation zones in the 
well to produce differently, be it in terms of flow rate or in terms of quality of the 
fluid produced. Certain zones can produce more than others and/or the ratio 

20 between the quantity of hydrocarbons produced and the quantity of water produced 
can vary from one zone to another. The same well might thus include zones that 
produce 80% water and 20% oil, the water and the oil flowing together at a flow 
rate of 500 barrels per day (500 bbl = 79.3 ra 3 ), whereas an adjacent zone might 
produce a higher quantity of hydrocarbons, e.g. 30% oil, but at a lower flow rate. 

25 Since the flow rate is a function of the pressure difference between 

the formation and the well, the proximity of a high flow rate zone tends to reduce 
said pressure difference and thus to minimize the quantity actually produced by a 
lower flow rate zone. 

Unfortunately, high flow rate zones are often zones that mainly 

30 produce large quantities of water, or more precisely of brine that is unsuitable for 
any use and that must be separated from the hydrocarbons and that must be 
disposed of, e.g. by being re-injected into a neighboring well. Such unwanted 
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production is particularly troublesome in that it limits the total output of 
hydrocarbons. It should also be emphasized that the production flow rates and 
qualities of the various zones also vary over the life of the welL 

Various techniques are known for plugging perforations, e.g. by 
5 injecting a gel or a cement into the zones to be treated, or by placing a sealing liner 
inside the casing. Thus, tubular preforms have been proposed, designed to be put in 
place while they are in the folded state, in which they are relatively compact 
radially, and then to be unfolded to obtain a cylindrical shape whose outside 
diameter is close to the inside diameter of the casing. It is also known, in particular 

10 from Document WO 94/25655, that a tubular preform can be constituted by a braid 
of flexible strands embedded in a resin that can be set under the effect of heat, for 
example. That type of preform accommodates very high degrees of expansion, 
thereby making it possible to insert the preform through the production tubing, and 
thereby minimizing the costs of working over and restarting production. 

15 All those techniques suffer from the drawback of totally stopping 

any production from the treated zone, which can adversely affect the total output 
from the well. 

An object of the present invention is thus to provide means for 
regulating the flow rate of the zones to be treated, but without thereby eliminating 

20 said flow rate. The invention achieves this object by making provision to apply a 
tubular structure along the cased wall of a well, in the perforation zone to be treated, 
which tubular structure prevents the fluids from flowing directly while also 
preserving a flow path along which the fluids can flow via the annular space outside 
the tubular structure so as to generate head loss. 

25 The invention also provides a device for reducing the flow rate of 

formation fluids produced from a determined zone of an underground well, which 
device is essentially constituted by a radially-expandable tubular structure that can 
be applied against the inside wall of the casing, the structure being provided with 
means for preserving the flow of the fluids via a path running along the casing and 

30 along the structure, in order to generate head loss. In other words, the tubular 
structure of the invention does not serve to plug the perforations of the casing, but 
rather merely to slow down the flow of the formation fluids at the treated 
perforations. 

In a more particularly preferred variant of the invention, these flow 
35 means are constituted by grooves extending from the central portion of the outside 
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face of the tubular structure to at least one of the ends of the tubular structure, 
which grooves preferably extend helically or in the form of zigzag lines. 

In a more particularly preferred embodiment, the tubular structure is 
derived from the tubular structure taught by above-mentioned Document WO 
5 94/25655, and it is thus formed of a tubular sleeve constituted by a braid of flexible 
strands embedded in a settable composite material, and, on its outside face, it has an 
elastomer skin provided with grooves forming a flow path extending from the 
central portion of the outside face that serves to cover the perforation orifices to at 
least one of the ends of the sleeve. 
10 . Finally, the invention also provides a method for putting the device 

of the invention in place. 

Other details and advantageous characteristics of the invention 
appear from the following description given with reference to the figures, in which: 

Figure 1 is a diagrammatic axial section view of an oil well passing 
15 through two perforation zones, one of which can be treated by the flow rate 
regulation method of the invention; 

Figure 2 is a diagrammatic view showing the well shown in Figure 
1 , after a regulator sleeve of the invention has been put in place; 

Figure 3 is a diagrammatic view showing a regulator sleeve of the 

20 invention; 

Figure 4 is a side view in greater detail of the regulator sleeve 
before it is expanded; 

Figure 5 shows examples of groove profiles; and 

Figures 6 and 7 are diagrams showing how the regulator sleeve of 
25 the invention is put in place. 

Figure 1 shows a typical oil well that can benefit from the method 
of the invention. This well is formed by a borehole 1 which, in this example, 
extends along an essentially vertical axis, and whose wall has been cased by means 
of metal casing 2 fixed to the wall by means of a layer of cement. Starting from the 
30 surface, the well passes through a large number of types of geological formation 
that are isolated by the casing. 

In the zones capable of producing hydrocarbons, the casing and the 
cement layer situated in the annular space between the casing and the wall of the 
borehole are perforated by means of explosive charges in order to re-establish the 
35 communication between the formation and the well, and in order to enable the 
fluids from the formations Zl and Z2 to enter the well via the perforations 3 and 4. 
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The top portion of the well is isolated from the production zones by 
means of a packer 5 which maintains production tubing 6 centered in the casing; 
which tubing is smaller than the casing and conveys the fluids produced by the 
formations Zl and Z2 to the surface. By way of example, the casing has a mean 
5 diameter lying in the range 110 mm to 180 mm (4 l h inches to 7 inches) and the 

production tubing has a diameter Dt typically lying in the range 55 mm to 160 mm 
(2 Vg inches to 6 V4 inches). 

It is frequent for the production zones to have heterogeneous flow 
rates. For example, the production zone Zl can produce a flow rate F / of 500 

10 barrels per day (0.9 liters per second) of a fluid made up of 80% water and of 20% 
.oil, with as a "driving force" a pressure differential between the formation and the 
inside of the well of about 100 psi (6.9 MPa), while the production zone Z2 
produces a flow rate f f - of about 400 barrels per day (0.7 liters per second) of a 

fluid made up of 30% water and of 70% oil for a pressure differential of the same 

1 5 order of magnitude. 

In order to increase the flow rate of the zone Z2 that is richer in 
hydrocarbons, it is possible to close off the perforations of the zone Zl. However, 
the operations performed to plug the perforations are not easily reversible, so that it 
would probably be difficult to access the zone Zl subsequently to enable the well to 

20 produce effectively until it is depleted. 

The present invention proposes to increase the head loss in the zone 
Zl of lesser interest in order to increase the pressure differential in the zone Z2 that 
is richer in hydrocarbons, but while maintaining a certain level of production from • 
the zone Zl. 

25 This may be obtained, as shown in Figure 2, by diverting the flow 

from the perforations of the zone Zl so as to lengthen the path followed by the 
formation fluids, thereby generating head loss. In the example shown, the head loss 
is formed by placing a tubular sleeve 7 in the zone Zl and deploying it to apply it 
intimately against the wall of the well. The tubular sleeve is designed so that 

30 "leakage" occurs via at least one of its ends, with the fluids flowing between the 
inside wall of the casing and the tubular sleeve, so that, after treatment, the zones 
Zl and Z2 produce respective flow rates of F a and f a . 

For example, the flow is obtained by providing removal grooves in 
the outside face of the sleeve. When the sleeve is provided with an outside face 
35 constituted by a skin of resilient material of the rubber type, the grooves can be 



SUBSTITUTE SHEET (RULE 26) 



WO 01/83943 



PCT/EPOl/04870 



sculpted by means of tools that are commonly used to re-shape the treads of used 

tires- 
Assuming that the formation fluid has a relative density of 0.81, and 
a dynamic viscosity of 0.005 Pa.s, then it can be shown that four drains, each of 
5 which has a width of 4 mm, a depth of 3.5 mm, and a length of 1 m, make it 
possible to generate a pressure drop of about 50 psi (0.35 MPa) in said zone Zl, and 
that this pressure drop is proportional to drain length, and inversely proportional to 
the number of the drains. 

By reducing the production flow rate from the zone Zl to about 100 

10 barrels per day, it is thus possible to increase the pressure differential in the zone 
Z2, e.g. to about 200 psi (1.4 MPa), which makes it possible to achieve a flow rate 
for that zone of about 600 barrels per day, thus bringing the total output of oil 
produced by the well to 440 barrels per day, i.e. increasing it by about 15%, but 
above all the volume of co-produced water (which needs to be separated from the 

15 oil at the surface) is halved, which reduces the cost of producing the bands of oil 
considerably. 

In a more specially preferred variant of the invention described 
below with reference to Figures 3 and 4, the sleeve is provided with two series of 
grooves: drainage grooves 8 situated in the central portion of the sleeve that serves 
20 to cover the perforation zone, and removal grooves 9 situated in at least one of the 
end zones. 

The drainage grooves are of cross-section that is large enough to 
ensure that the flow of the production fluids is substantially not slowed down. In 
addition, the grid layout formed by the grooves is preferably dense enough for the 
25 removal channels of the end zones to be well irrigated. 

In the end zones, the grooves are typically smaller, e.g. shallower. 
Figures 5 shows a few examples of groove profiles. In the simplest variant (Figure 
5 A), the grooves are parallel to the longitudinal axis of the sleeve. However, this 
variant is not preferred if high head loss is desired because it then requires sleeves 
30 that are very long and therefore more costly. 

The groove profiles shown in Figures 5B and 5D are other more 
specially preferred variants: helical variants (Figure 5B), grooves forming zigzag 
lines (Figure 5C), or crisscross grooves, e.g. of the crisscross helical groove type 
(Figure 5D). 

35 The shaped face is carried by a sleeve which, in its non radially 

expanded form, must have a radial section that is smaller than the section of the 
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casing, and preferably even smaller than the section of the production tubing, 
thereby making it possible to perform the treatment of the invention without prior 
removal of the production tubing. That is why the sleeve is preferably a variant of 
the sleeve taught by Patent Application WO 94/25655, the contents of which is 
5 incorporated herein by reference. The sleeve is thus preferably constituted by a 
tubular structure provided with a jacket formed by interlacing flat strands or tapes 
that are helically wound and embedded in a thermo-settable resin, and confined 
between two resilient membranes made of an elastomer material, the outer 
membrane forming the skin in which the drainage grooves of the invention are 

10 sculpted. For example, the strands may be formed of glass fibers, or preferably of 
carbon fibers. Preferably, the outside face of the outer skin is provided with a 
certain number of annular projections to facilitate good contact with the casing. 

Figures 6 and 7 show the operation of putting the sleeve of the 
invention in place. Firstly, the sleeve, while not expanded radially, is inserted into 

15 the well via the production tubing so as to be placed in the vicinity of the zone 
having the perforations 3 to be treated. For this purpose, the sleeve is associated 
with a laying tool. The laying tool is essentially constituted by a die 10 having an 
inflatable element 11 suspended from a cable 12 containing electricity feed means 
and pumping means for inflating and deflating the die by means of the surrounding 

20 fluids. The die is provided with a series of resistor elements (not shown). The 
grooved outside skin 13 of the sleeve and its inside portion 14 constituted by the 
braid embedded in the resin are shown, and the sleeve is fixed to the die by 
breakable link elements. 

After positioning, the pump is started, arid the die is gradually 

25 inflated to anchor it against the wall of the casing, starting from the bottom upwards 
so as to expel any fluid present between the casing and the sleeve. The radial 
expansion is thus achieved by deforming the braided portion so that the sleeve is 
applied intimately against the casing. Once the die and the sleeve have been fully 
deployed, an electric current is applied to the resistor elements of the die to heat the 

30 thermo-settable resin of the sleeve, thereby causing it to polymerize. Once the resin 
has been set in this way, the pump is used to deflate the die so that the die and the 
sleeve come apart after traction on the cable to break the breakable link elements. 
The laying tool can then be brought back up to the surface. 
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CLAIMS 



1. A method of regulating the flow rate of formation fluids 
produced from a determined zone of an underground well whose cased wall is 
provided with orifices through which said formation fluids can pass, said method 
consisting in applying a tubular structure along the casing in said zone, which 

5 tubular structure prevents the fluids from flowing directly while also preserving a 
flow path along which the fluids can flow via the annular space outside the tubular 
structure so as to generate head loss. 

2. A method according to claim 1 , in which said path is helical. 

3. A device for regulating the flow rate of formation fluids 
10 produced from a determined zone of an underground well whose wall is cased with 

casing provided with perforation orifices to allow said formation fluids to pass 
through it, said device being constituted by a radially-expandable tubular structure 
that can be applied against the inside wall of the casing, the structure being 
provided with means for preserving the flow of the fluids via a path running along 
15 the casing and along the structure, in order to generate head loss. 

4 A device according to claim 3, characterized in that said flow 
means are constituted by removal grooves extending from the central portion of the 
outside face of the tubular structure to at least one of the ends of the tubular 
structure. 

20 5. A device according to claim 4, characterized in that said removal 

grooves are disposed helically. 

6. A device according to claim 4, characterized in that said removal 
grooves are disposed in the form of zigzag lines. 

7. A device according to any one of claims 3 to 6, in which, in its 
25 central portion serving to cover the perforation zone, the tubular sleeve is provided 

with draining grooves for collecting the incoming flow. 

8. A device according to any one of claims 3 to 7, in which the 
tubular sleeve is constituted by a braid of flexible strands embedded in a settable 
composite material, and, on its outside face, it has an elastomer skin in which the 

30 removal and drainage grooves are provided. 

9. A method for putting the device according to claim 8 in place in 
a well equipped with casing and with production tubing, said method comprising: 
inserting a laying tool via the casing, which tool comprises an inflatable die 
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provided with heater elements and covered with the tubular sleeve, which die is 
suspended from a cable containing electricity feed means and pumping means; 
inflating the die until the sleeve is applied against the inside wall of the casing; 
heating the die to polymerize the settable composite material; deflating the die 
5 while leaving the sleeve in place; and removing the laying tool from the well. 



SUBSTITUTE SHEET (RULE 26) 



WO 01/83943 



PCT/EP01/04S70 



1 ii* 




FJJ5.1 



SUBSTITUTE SHEET (RULE 26) 



WO 01/83943 



2/4 



PCT/EP01/04870 




SUBSTITUTE SHEET (RULE 26) 



WO 01/83943 



PCT/EPO 1/04870 



3/4 




OLl 5^ 5.B 5.C 5.D 

' FIG.5 



SUBSTITUTE SHEET (RULE 26) 



WO 01/83943 



PCT/EPO1/04870 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Int nat Application No 

PCT/EP 01/04870 



A. CLASSIFICATION OF SUBJECT MATTER . /. * 

IPC 7 E21B43/10 E21B43/12 E21B43/14 



Acconftigto Irternational Patent aassfflcatton (IPG) orto both national dassfflcaflon and PC 



B. FIELDS SEARCHED 



Minimum documentation searched (dasstffcalion system foBowed by dassSfcatton symbols) 

IPC 7 E21B 



Documentation searched other than minimum documentation to me extent that such documents are included In the Raids searched 



Etectnwfc data base consulted during the international search (name ot data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document with indication, where appropriate, of the relevant passages 



Relevant to dalm No. 



GB 2 325 949 A (BAKER HUGHES INC.) 

9 December 1998 (1998-12-09) 

page 14, line 16 -page 16, line 12 



US 5 896 928 A (COON) 

27 April 1999 (1999-04-27) 

column 3, line 64 -column 4, line 42 

W0 94 25655 A (DRILLFLEX) 
10 November 1994 (1994-11-10) 
cited In the application 
page 9, line 32 -page 11, line 3 

US 5 211 241 A (MASHAW ET AL.) 
18 May 1993 (1993-05-18) 
abstract 



1,2 

3 
1 



1,3 



-/- 



LH 



Further documents are Qsted in the continuation ot box C. 



Patent tamiy members are listed in annex 



* Special categories of cited documents : 

•A' document defining the general state of the art which Is not 

considered to be of pari ten tar relevance 
'£* earlier document but published on or after the international 

tiling date 

V document which may throw doubts on priority daim<s)or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

*0* document referring to an oral disclosure, use, exhibition or 
other means 

■P» document published prior to the international filing date but 
later than (he priority date claimed 



T later document published after the international Ming date 
or priority date and not m conflict w«n the application but 
cited to understand the principle or theory underlying the 



document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
invoh/e an inventive step when the document is taken alone 

document ot particular relevance; the ctetned invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

document member of the same patent lamity 



Date of the actual completion of the international search 



11 September 2001 



Name and trailing address of the ISA 



European Patent Office, P.B. 5818 Patenltaan 2 
NL-22B0HV Rljswijk 
Tel (+31 -70) 340-2040. Tx. 31 651 epo nl. 
Fax (+31-70)340-3016 



Date of mailing of the international search report 
17/09/2001 



Authorized officer 



Rampelmann, K 



Form PCT/ISA/210 (tae«<dihM(] (July 1092) 



INTERNATIONAL SEARCH REPORT 


C(ConURuetlon) DOCUMENTS CONSIDERED TO BE RELEVANT 




Category' 


CHatbn o» document, with indfcatton.whara appropriate, of the relevant passages 


Relevant to claim No. 


A 


US 5 186 255 A (COREY) 

16 February 1993 (1993-02-16) 

abstract 


1,3 



Form PCT/ISA^O {continuation of second sheet) [Ai*y \Q&2) 



INTERNATIONAL SEARCH REPORT 
Information on patent family memDers 


PCT/EP 


Application No 

01/04870 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 



G6 2325949 



09-12-1998 



US 5896928 



27-04-1999 



AU 


713643 B2 


09-12-1999 


AU 


6474698 A 


12-11-1998 


CA 


2236944 Al 


06-11-1998 


NO 


982054 A 




US 


6112817 A 


05-09-2000 


US 


6023443 A 


08-02-2000 


AU 


729698 B2 


08-02-2001 


AU 


2622897 A 


15-01-1998 


CA 


2208613 Al 


01-01-1998 


6B 


2314866 A ,B 


14-01-1998 


NO 


973040 A 


02-01-1998 



UO 9425655 



10-11-1994 



US 5211241 



18-05-1993 



FR 


2704898 Al 


10-11-1994 


AU 


673261 B2 


31-10-1996 


AU 


6660194 A 


21-11-1994 


CA 


2162035 Al 


10-11-1994 


CN 


1122619 A ,B 


15-05-1996 


DE 


69412252 01 


10-09-1998 


DE 


69412252 T2 


06-05-1999 


EP 


0698136 Al 


28-02-1996 


MO 


9425655 A 1 


10-11-1994 


JP 


8509532 T 


08-10-1996 


NO 


954299 A 


07-12-1995 


RU 


2123571 CI 


20-12-1998 


US 


5695008 A 


09-12-1997 


US 


5183114 A 


02-02-1993 


GB 


2262954 A ,B 


07-07-1993 


EP 


0507498 Al 


07-10-1992 


NO 


921122 A 


02-10-1992 



US 5186255 A 16-02-1993 NONE 



Form PCTflSA/210 (paieni tan>i* anrwO (Ju* 



